Purpose: To assess the factors involved in oral intake discontinuation in elderly patients with recurrent aspiration pneumonia.
Introduction
Owing to the rapidly aging society in Japan, the number of deaths due to pneumonia has been constantly increasing. Recent statistics showed that pneumonia is the third most common cause of death, after malignant neoplasms and heart diseases, and has recently overtaken cerebrovascular diseases. 1 Over 120,000 patients (approximately 100 in a population of 100,000) are known to die from pneumonia annually, and this mortality rate is expected to increase further. The rate of death from pneumonia is higher in Japan than in other developed countries, many of which have mortality rates of less than 50 per 100,000 people. In contrast, the age-adjusted mortality rate of pneumonia is over 2,000 per 100,000 people in subSaharan Africa and in Southern Asia. 2 In particular, aspiration pneumonia is common among cases of pneumonia in the elderly and accounts for one-third of patients hospitalized with pneumonia aged 50-59 years, 50% of those hospitalized with pneumonia aged 60-69 years, and 80.1% of those hospitalized with pneumonia aged .70 years. 3 One report indicated that aspiration pneumonia is the strongest predictor of 30-day mortality in patients with pneumonia. 4 Thus, the treatment and prevention of aspiration pneumonia are critical to the medical treatment of pneumonia.
In patients with aspiration pneumonia, the method for ensuring oral intake is vital in terms of quality of life and prevention of recurrence. Studies have been published on the significance of antimicrobial agent selection, swallowing assessment, oral care, rehabilitation, and vaccination with a pneumococcal vaccine in cases of aspiration pneumonia. [5] [6] [7] [8] [9] [10] A recent study showed that aspiration pneumonia is the strongest predictor of 30-day mortality among patients with pneumonia. 11 This study was based on the Diagnosis Procedure Combination database, which is a national Japanese database of administrative claims and discharge abstracts. However, the Diagnosis Procedure Combination database lacks detailed information regarding swallowing function, as well as the general patient's status at the time of the initiation of oral intake. Hence, the predictive factors for the discontinuation of oral intake in elderly cases of recurrent aspiration pneumonia remain unclear. To our knowledge, no other study on these predictive factors has been conducted so far.
A previous study from our group showed that 63.7% of physicians made patients fast temporarily for the treatment of aspiration pneumonia. 12 In addition, when making decisions regarding oral intake resumption after aspiration pneumonia, more than 80% of clinicians responding to a questionnaire answered either "Strongly agree" or "Agree" to the importance of the following items: level of consciousness, oxygen saturation (SpO 2 ), the discretion of the attending physician, body temperature, whether swallowing function testing had been performed, mental state, respiratory rate, visual impression, pneumonia severity, performance status, the opinion of a nonphysician health care provider, administration of oxygen, the patient's request, and the family's request. 13 However, there is no evidence whether the respondent physicians' opinions are clinically appropriate for preventing either a reduction in swallowing ability or a recurrence of aspiration pneumonia.
In the present study, we aimed to assess the factors involved in the discontinuation of oral intake in elderly patients with recurrent aspiration pneumonia in order to determine an appropriate timing for the resumption of oral intake.
Patients and methods study design
This was a retrospective cohort study. The study was approved by the Ethics Committee for Epidemiologic Research at Jichi Medical University. Owing to the retrospective nature of the study, the need for written informed consent was waived.
study setting and population
We included patients with pneumonia who were hospitalized at the Division of General Internal Medicine, Jichi Medical University Hospital, Tochigi, Japan, between 2007 and 2013; at the Department of General Medicine, Toyooka Public Hospital, Hyogo, Japan, between 2011 and 2013 and at the Department of Community and Family Medicine, Yuzawa Community Medical Center, Niigata, Japan, between 2010 and 2012. Among these patients, those with aspiration pneumonia (International Classification of Diseases-10 code, J69) were consecutively enrolled. These patients did not have nasogastric or gastrostomy tube feeding or parenteral nutrition. Aspiration pneumonia was defined, in accordance with the consensus of the Japanese Respiratory Society, 5, 14 as pneumonia that developed in patients with proven or highly suspicious dysphagia or aspiration at follow-up. Dysphagia or aspiration dates were taken from families, a meal assistant before admission, or clinical course after admission. We included patients who had not discontinued eating at the time of admission to the hospital and those who never discontinued eating. We excluded patients who did not receive any oral intake until death or during the study period. We also excluded patients who required nasogastric or gastrostomy tube feeding or parenteral nutrition before admission.
Measurement items
The primary study point was the discontinuation of oral intake due to recurrent aspiration after the initiation of oral intake during the hospitalization course. Even a single 
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Factors involved in discontinuation of oral intake in elderly patients episode of discontinuation was considered as discontinuation of oral intake. Oral intake was defined as an oral diet without nasogastric or gastrostomy tube feeding and without parenteral nutrition.
We measured the following items at admission: age, sex, comorbidities (tumor of the head and neck, history of gastroesophageal surgery, cerebral nerve disease, chronic lower respiratory disease, and diabetes mellitus), level of consciousness (Glasgow Coma Scale), 15 respiratory rate, SpO 2 , blood pressure, pulse rate, and body temperature. We also assessed the extent of infiltration/opacity on each patient's chest radiography as well as each patient's white blood cell count, serum albumin levels, blood urea nitrogen (BUN) levels, C-reactive protein levels, presence of bacteremia, and use of a ventilator. Each patient's Eastern Cooperative Oncology Group performance status (PS; a PS score of 3 or 4 diagnostically indicates nursing-and health care-associated pneumonia) 5 was determined, and speech therapists tested swallowing function using a repetitive saliva swallowing test, a modified water swallow test, a food test, or a fiberoptic endoscopic evaluation of swallowing. 5, 6 In addition, each patient's CURB-65 score was evaluated. This score is a measure of severity for community-acquired pneumonia that reflects confusion, BUN levels, respiratory rate, blood pressure, and age over 65 years. 16 Further information about CURB-65 can be found in Tables S1 and S2 .
If a medical physician believed that a patient had normal swallowing function, then swallowing function was not assessed by a speech therapist. In these cases, physicians relied on information from the patients' families and on dysphagia screenings by nurses. If a medical physician suspected that a patient had poor swallowing function, then a speech therapist assessed swallowing function, as described earlier. Accordingly, the application of a swallowing function assessment indicated a more severe case of dysphagia. The swallowing function testing was the same across all the three hospitals.
At the initiation of oral intake, we recorded the following items: period from admission to the initiation of intake, level of consciousness (Glasgow Coma Scale), respiratory rate, oxygen administration, blood pressure, pulse rate, body temperature, white blood cell count, serum albumin levels, BUN levels, and C-reactive protein levels. In addition, we assessed any discontinuation of oral intake in cases of recurrent aspiration after the initiation of oral intake during the hospitalization course, when even a single episode of discontinuation was considered as discontinuation of oral intake. We also assessed duration of hospitalization and in-hospital death.
statistical analysis
According to the need for the discontinuation (temporary termination) of oral intake due to reaspiration during the hospitalization course, each subject was assigned to either a "no reaspiration of intake" or a "reaspiration of intake" group. T-tests were used to compare numerical variables, while chi-square tests were used to compare categorical variables. In addition, we performed multiple logistic regression analysis (simultaneous regression) using presence or absence of discontinuation of intake due to reaspiration following the initiation of oral intake as the dependent variable. Variables with P-values less than 0.05 and those that were previously reported to be associated with aspiration pneumonia were included in the multivariate analysis. We used IBM Statistical Package for the Social Sciences (SPSS) for Windows version 22.0 (IBM Inc., Armonk, NY, USA) for the analyses. P-values less than 0.05 were considered to be statistically significant. Center, 130 of the 184 inpatients with pneumonia were diagnosed with aspiration pneumonia. Twenty-five patients who were unable to receive oral intake were excluded because they were discharged or died, and hence a total of 390 patients were included in this study (242 men and 148 women). The mean age of the patients was 79.3±13.1 years (range 22-102 years). Among the enrolled subjects, intake was discontinued in 80 patients owing to aspiration after the initiation of intake during the hospitalization course, and 42 patients died during the hospitalization course. Table 1 shows a comparison of several parameters between the groups with and without discontinuation of intake due to aspiration after the initiation of oral intake. These parameters include the period from admission to initiation of intake, the application of a swallowing function assessment, the duration of hospitalization, and the number of in-hospital deaths, among others.
Results
Age, sex, PS score, and bacteremia rate did not differ significantly between the groups. However, a significant difference was observed for the following items: level of consciousness, respiratory rate, SpO 2 , CURB-65 score, extent of infiltration/opacity in more than two-thirds of the unilateral lung on chest radiography, white blood cell count, albumin levels, and BUN levels at admission, and the application of a swallowing function assessment. In the "reaspiration of intake" group, both the period from admission to intake and the duration of hospitalization were significantly longer in the "reaspiration of intake" group. In 19 of the 23 patients who died in the "reaspiration of intake" group, the cause of death was aspiration-related disease, whereas in the case of all patients who died in the "no reaspiration of intake" group, the cause of death was aspiration-related disease. In the "reaspiration of intake" group, only 36 of 80 patients were able to resume oral intake prior to discharge. 
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Factors involved in discontinuation of oral intake in elderly patients Table 2 shows comparisons of several factors at the initiation of intake between the groups with and without the discontinuation of intake due to aspiration at the time of the initiation of oral intake. A significant difference in level of consciousness, pulse rate, and albumin levels was observed at the initiation of intake between the groups.
The items found to be statistically significant from Tables 1 and 2 were further analyzed using the multiple logistic regression analysis. For this analysis, the presence or absence of discontinuation of intake due to aspiration after the initiation of oral intake was the dependent variable ( Table 3) . Duration of hospitalization and in-hospital death rates were excluded as these were the outcomes. The odds ratios of the application of swallowing function assessment, level of consciousness at the initiation of intake, and extent of infiltration/opacity in more than two-thirds of the unilateral lung on chest radiography were 5.2, 3.2, and 2.3, respectively. Thus, these three items appear to be significant explanatory variables.
Discussion
In the present study, we investigated the factors involved in the discontinuation of oral intake in recurrent aspiration after the resumption of oral intake in hospitalized patients with aspiration pneumonia. Multiple logistic regression analysis indicated that the application of swallowing function assessment, a low level of consciousness at the initiation of intake, and extent of infiltration/opacity in more than two-thirds of the unilateral lung on chest radiography were significant predictors of discontinuation of oral intake.
Swallowing function is one of the criteria considered by physicians when resuming oral intake in aspiration Table 2 Comparisons of items at the initiation of intake between the groups with and without discontinuation of intake due to reaspiration 
Factors

No reaspiration of intake (n=310) Reaspiration of intake (n=80) P-values
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Kenzaka et al pneumonia patients who have undergone short-term fasting. 13 In the present study, the discontinuation of intake due to aspiration after the initiation of oral intake was more frequent in cases where the swallowing function was assessed by speech therapists compared with cases where swallowing function was not assessed. The assessment of swallowing function has been shown to be useful to determine the resumption of oral intake after contracting respiratory disease or cerebrovascular disease; 6, 17, 18 hence, the application of swallowing function assessment is important. However, only one or two speech therapists were present at each of the participating hospitals for this study, and this number was not sufficient to effectively carry out the swallow function tests for all patients. Therefore, if the medical physician believed that the patient had normal swallowing function, then the swallowing function was not assessed by a speech therapist. In these cases, physicians relied on information from the patients' families and on dysphagia screenings by nurses. However, if the medical physician suspected that a patient had poor swallowing function, then swallowing function was assessed by a speech therapist. To our knowledge, no study has indicated that patients who undergo a swallowing function test developed recurrent aspiration more frequently compared with patients who do not undergo a swallowing function test in aspiration pneumonia. All patients in the present study had developed aspiration pneumonia. In cases where swallowing function was measured, physicians could make an informed decision and were more likely to discontinue oral feeding. In contrast, in cases where swallowing function was not assessed, physicians relied on several judgments, including subjective assessments such as the opinion of the patient and family. Even if patients at high risk for aspiration passed the swallowing function test, they had a high likelihood of developing recurrent aspiration. If a medical physician believes that a patient with aspiration pneumonia has normal swallowing function or does not have a high risk for aspiration, then a swallowing function test may not be needed. In such cases, it is possible that patients can resume oral intake. Unfortunately, fluids related to clinical feeding exams might lead to higher false-negative and false-positive results. Fiberoptic endoscopic evaluation of swallowing is therefore a better diagnostic test for evaluating swallowing, but was performed in only some of the cases in this study.
One study reported that the ability of a patient to follow instructions at the resumption of oral intake is predictive of capacity for receiving oral intake after discharge. 16 Hence, the level of consciousness is an important factor for observing not only the severity, but also the progress, of pneumonia.
Patients should reach a level of consciousness that allows them to follow the instructions of speech therapists or caretakers during meal assistance prior to the resumption of oral intake. The period from admission to intake and the duration of hospitalization were significantly longer, and the in-hospital death rate was significantly higher in the "reaspiration of intake" group compared with the "no reaspiration of intake" group. In fact, in 19 of the 23 patients who died in the "reaspiration of intake" group, the cause of death was aspiration-related disease, whereas in the case of all the patients who died in the "no reaspiration of intake" group the cause of death was aspiration-related disease. Moreover, in the "reaspiration of intake" group, 36 of 80 patients achieved total oral intake prior to discharge. We believe that the duration of hospitalization was longer in the "reaspiration of intake" group as a result of the need to rehabilitate swallowing function and to develop an established method for nutrient intake, such as oral feeding, tube feeding, or intravenous nutrition. The disturbance of consciousness of elderly patients with pneumonia is caused not only by the severity of the pneumonia but also by the severity of background dementia. In the present study, we did not distinguish between cases of severe dementia or other neurological disorders and cases of pneumonia as causes of consciousness disturbance. Nevertheless, consciousness disturbance caused by severe dementia or other neurological disorders would lead to a high risk for aspiration. 19 The guidelines for nursing-and health care-associated pneumonia 5 and hospital-acquired pneumonia 20 published by the Japanese Respiratory Society indicate that the extent of infiltration/opacity on chest radiography represents the severity of pneumonia. Moreover, the extent of infiltration/ opacity on chest radiography may represent not only the spread of bacterial infection but also the degree and extent of aspiration. In addition, an infiltrative shadow may indicate the presence of complicated heart failure in aspiration pneumonia. Hence, the extent of infiltration/opacity on chest radiography should be carefully considered as a factor in recurrent aspiration after the resumption of oral intake and as a representation of the severity of aspiration pneumonia.
In the present study, several parameters were found to be significantly different between study groups following univariate analysis, but many of these were not significant variables when applying multiple logistic regression analysis. Certain guidelines indicate that the respiratory rate, SpO 2 , BUN levels, and age are indices for pneumonia severity. 5, 16 Furthermore, a previous study 13 
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Factors involved in discontinuation of oral intake in elderly patients whether to resume oral intake. These criteria included level of consciousness, SpO 2 , body temperature, swallowing function test results, and respiratory rate. However, we found that, of these items, only level of consciousness and swallowing function test results were involved in the discontinuation of oral intake in recurrent aspiration after the resumption of oral intake in hospitalized patients with aspiration pneumonia. The CURB-65 scoring method relies on BUN levels, respiratory rate, and age .65 years, all of which were not found to be significant factors. Hence, the CURB-65 score was not involved in the discontinuation of oral intake.
Limitations
The present study has several limitations. First, this study is retrospective in nature. In addition, in this analysis, the mean age of the subjects was 79.3±13.1 years, 65.6% of the subjects had a PS score of 3 or greater, and the mortality rate was 11.2%, which suggests that the subjects of this study were elderly with a low PS score and high mortality. Hence, the risk for recurrent aspiration would be expected to be high in our study population. We found that only the application of a swallowing function assessment, level of consciousness at the initiation of intake, and extent of infiltration/opacity on chest radiography were associated with recurrent aspiration after the resumption of oral intake. However, a group of patients with a lower risk for recurrent aspiration may exhibit other factors involved in recurrent aspiration.
Conclusion
This study showed that a low level of consciousness at the initiation of intake, extent of infiltration/opacity on chest radiography, and the application of a swallowing function assessment in patients suspected to have poor swallowing function by a medical physician are associated with the discontinuation of oral intake in recurrent aspiration after the resumption of oral intake. These factors may be helpful to determine a suitable timing for resumption of oral intake. Future prospective studies with a larger study population are needed to confirm our results.
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